Ornithology Research (2022) 30:262-270
https://doi.org/10.1007/543388-022-00108-y

ORIGINAL ARTICLE q

Check for
updates

Moult, sex and food are the most important factors regulated
the timing of migration of north Asian Passerines

Laszl6 Bozé'® - Yury Anisimov? - Tibor Csérgé®

Received: 7 October 2021 / Revised: 3 October 2022 / Accepted: 8 October 2022 / Published online: 1 November 2022
© The Author(s) 2022

Abstract

Bird migration is a highly complex, regulated process, of which timing is an essential element. The timing of migration is
influenced by moult, age, sex and food of the birds, as well as the distance between the breeding and wintering sites. In this
study, we used data from a ringing station on the shores of Lake Baikal to investigate factors influencing migration timing
for species with different migration and moulting strategies, wintering sites and feeding habits. In general, we found that
the migration of Passerine across Lake Baikal is influenced by similar factors to those of other migratory species in other
migratory flyways. For most species, adult birds migrated through the area earlier in both spring and autumn. In spring,
protandrous migration was detected for most of the species, while in autumn, differences in migration timing were less com-
mon. Migratory birds migrate later in spring and earlier in autumn, the longer the distance between nesting and wintering
sites. It is important to highlight, however, that in both seasons only moulting, sex and food type had an equal influence on
the timing of migration, while migration distance and age regulated migration in only one season or the other. In both spring
and autumn, we observed differences in the timing of the migration of different species. Studies on the migration of north
Asian Passerines are important in the future as the populations of several once common species have declined dramatically
in recent times.
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Introduction

The timing of bird migration, whether intra- or interspe-
cific, is influenced by several factors. Among the factors
that cause inter- and intraspecific differences, the timing of
moult plays an important role. Songbirds moult once or less
often twice a year (e.g. willow warbler Phylloscopus trochi-
lus) (Svensson 1992; Jenni and Winkler 2020) during which
they change not only their body feathers but also their tail
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and flight feathers. This is a time- and energy-consuming
process (Lindstrom et al. 1993), which some long-distance
migrating Palaearctic species perform after breeding (post-
nuptial moult) and others perform at wintering sites before
spring migration (prenuptial moult) (Barta et al. 2008; Jenni
and Winkler 2020). The moulting strategy therefore essen-
tially determines the timing of migration not only between
species (Pulido and Coppack 2004) but also within species
between different age classes, as the moulting of age classes
of a given species may differ. For example, adult birds have
complete moult, while juvenile/immature birds have partial
moult. In species where adult birds have complete postnup-
tial moult, juveniles that have only partial moult will leave
for wintering grounds earlier, while in species where adult
birds have complete prenuptial moult, they will precede
juveniles in autumn (Kiat and Izhaki 2016).

Within species, the migration of the males and females
may also differ. Differences in the timing of male and
female migration have been explained by different winter-
ing grounds of the sexes (males sometimes winters northern
than females), earlier departure or faster migration (Morbey
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and Ydenberg 2001; Coppack and Pulido 2009; Schmaljo-
hann et al. 2016; Woodworth et al. 2016; Briedis et al. 2019;
Schmaljohann 2019). Both protandrous and protogynous
migration can occur, but the former is more common dur-
ing spring migration than the latter (Morbey and Ydenberg
2001). Protandrous migration in spring is better known in
species where males and females can be separated by plum-
age coloration (Spina et al. 1994; Rubolini et al. 2004; Nam
et al. 2011) than in species where separation of the sexes is
only possible using different biometrics, e.g. willow warbler
(Durman 1967; Lawn 1974), common chiffchaff Ph. col-
lybita (Reynolds 1978; Harnos and Csorgd 2011), several
species of warblers nesting in Siberia (Boz6 and Heim 2016)
and eastern kingbird Tyrannus tyrannus (Cooper et al. 2009).
Protandrous migration in spring is due to the fact that males
need to return early in spring to occupy a suitable territory,
and is also caused by sexual selection pressures (Reynolds
et al. 1986). Protogynous migration has been recorded pri-
marily in polyandrous species such as Wilson’s phalaropes
Phalaropus tricolor and red-necked phalaropes Phalaropus
lobatus (Reynolds et al. 1986) and spotted sandpiper Actitis
macularius (Oring and Lank 1982).

In autumn, songbirds are usually characterised by the
fact that females leave breeding sites earlier than males
(Mills 2005; Lehikoinen et al. 2017). This may be due to
intraspecific competition (males staying longer in their ter-
ritories, Logan and Hyatt 1991; Weggler 2000) and the
search for new nesting sites (Forstmeier 2002; Mills 2005).
It should also be noted that in several migratory species,
females often winter further south than males (e.g. her-
mit thrush Catharus guttatus, Stouffer and Dwyer 2003),
so they have to leave breeding sites earlier in autumn
(Gauthreaux 1982). However, males of some species, such
as the red-backed shrike Lanius collurio, leave the breed-
ing sites earlier than females (Alerstam 1993; Csorgd and
Paradi 1998), which may be due to the fact that this species
also holds territory at the wintering site and that occupa-
tion of the best quality territories is only possible with an
earlier departure.

The timing of migration is also age-dependent. Studies
on Mediterranean islands have shown that in 18 out of 26
long-distance migratory species, adults returned earlier in
spring than second-year birds (Spina et al. 1994). In the
Carpathian Basin, this phenomenon has been observed
in reed warblers (Acrocephalus spp.) and pied flycatcher
(Ficedula hypoleuca, Harnos et al. 2015a, 2015b), among
others. Studies with American species have also led to the
same result (e.g. Parulinae, Francis and Cooke 1986, rose-
breasted grosbeak Pheucticus ludovicianus, Francis and
Cooke 1990, purple martin Progne subis, Morton and Der-
rickson 1990).

In autumn, most bird species are characterised by an
earlier departure of adults from their nesting sites, but

the opposite is true for species such as the willow warbler
(Hedenstrom and Petterson 1987) and the European robin
Erithacus rubecula (Polak and Szewczyk 2007). This is due
to the timing of moult, but in the case of the willow warbler,
for example, adult birds are ahead of juveniles during migra-
tion due to their faster migration and the earlier arrival at the
wintering sites (Hedenstrom and Petterson 1987).

There are several reasons for age-dependent migra-
tion, one of which is to avoid competition at stopover sites
and wintering grounds, as adult birds are more efficient at
exploiting available resources (Gochfeld and Burger 1984;
Ellegren 1991) and therefore migrate faster than juveniles
(Rguibi-Idrissi et al. 2003; Crysler et al. 2016). Therefore,
for younger birds, earlier migration is not beneficial.

Migration distance also affects migration phenology
(Marchetti et al. 1995; Schmaljohann 2019; Boz6 et al.
2020; Wobker et al. 2021). Typically, the greater the dis-
tance between nesting and wintering sites is, the sooner birds
leave breeding sites and the later they return in spring (Jenni
and Kéry 2003). This may also cause morphological differ-
ences between populations, as individuals from populations
nesting further north have a longer distance to travel, for
which a longer and more pointed wing has evolved (Gaston
1974; Tiainen and Hanski 1985; Lockwood et al. 1998; Peird
2003).

In recent years, the migration of songbirds using the East
Asian-Australasian migratory flyway has been studied more
intensively, and factors influencing the timing of migration
(Bozo et al. 2020; Wobker et al. 2021) and sex-specific
migration (Boz6 and Heim 2016) have been investigated
based on data from a ringing station in the Muraviovka Park
in the Russian far east. In this regard, Boz6 et al. (2020)
found for Phylloscopus warblers that spring migration phe-
nology was explained by moult strategy and the preferred
prey size, while autumn migration phenology was linked to
the migration distance of the species. Wobker et al. (2021)
in a multispecies analysis obtained similar results for age-
and sex-dependent migration, as well as for moult strategy
and migration distance, as for other migration routes, as did
Boz6 and Heim (2016) for the sex-dependent migration of
warblers.

In the present study, we used data from a ringing station
on the shores of Lake Baikal in southern Siberia to inves-
tigate factors influencing migration timing for species with
different migration and moulting strategies, wintering sites
and feeding habits. We assumed that the timing of migra-
tion of females and males, and adults and juveniles would
differ between autumn and spring, but we also assumed that
the results might differ from this pattern in case of different
taxonomic groups. We also assumed that species with longer
migration routes arrive later in spring and earlier in autumn
to the study site, just as species with postnuptial moult arrive
later in autumn than species with prenuptial moult. As food
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can also influence the timing of bird migration (Katti and
Price 2003; Boz6 et al. 2020), we consider that it is likely
that insectivorous species return from wintering grounds
later in spring than seed-eating species. This is due to the
fact that insects are available later than seeds (Deppe et al.
2005).

Material and methods

The study site was located in the buffer zone of the Bai-
kalsky State Nature Biosphere Reserve, which is situated
on the southeast coast of Lake Baikal, southwest from
the Mishikha River mouth on the Pribaikalskaya flatland
(51°38'38.3994"N; 105°31'22.7994"E). The surrounding
vegetation is dominated by cedar forests Cedrus spp., mixed
with birch Betula spp., aspen Populus spp. and fir Abies spp.,
and alternating with small willow bushes and grass mead-
ows. Birds were captured with Japanese-type mist-nets with
a total length of 210 linear metres and ringed within the Bai-
kal Bird Ringing Scheme. Fieldwork was conducted between
1 April and 20 June in spring and 25 July and 20 October in
autumn during 2014-2018.

Data analysis was based on 8334 captured individuals
of 11 species: common rosefinch Carpodacus erythrinus,
hawfinch Coccothraustes coccothraustes, little bunting
Emberiza pusilla, black-faced bunting E. spodocephala,
Taiga flycatcher Ficedula albicilla, brown shrike Lanius
cristatus, Siberian rubythroat Calliope calliope, Eurasian
siskin Spinus spinus, red-flanked bluetail Tarsiger cyanu-
rus, dusky thrush Turdus eunomus and Naumann’s thrush
T. naumanni (Table 1). For the analysis, species with differ-
ent migration strategies, migration distances, nesting and
wintering areas were selected from the 81 species ringed
at the station, with a minimum number of 100 individuals

caught during the study period, and for which either age or
sex determination (or both) was possible. Species names
and baseline taxonomy follow the IOC World Bird List ver-
sion 9.2 (Gill et al. 2021). The species, sex and age of the
captured individuals were identified using Svensson (1992),
Brazil (2009) and Demongin (2016); however, age and sex
determination were not possible in many cases. Two out of
the 11 study species (common rosefinch and brown shrike)
exhibit postnuptial moult while the other nine species exhibit
prenuptial moult (Svensson 1992).

The median date of migration was calculated for each
species in the spring and autumn migration periods based
on the first captures (recaptures excluded). These calcula-
tions were also performed for males and females, and adult
and juvenile birds within species. The timing of migration
based on the median migration day of different species was
compared using the Kruskal-Wallis test. As the data were
not normally distributed, the timing of migration of different
sex and age groups was compared using the Mann—Whitney
U test. Multiple regression was used to test the effect of
different variables on migration timing. In the analysis, the
following variables were examined: sex, age, the distance
between the centre of wintering sites and the ringing site per
species, moulting strategy, and type of food (insectivorous,
seed-eating). Year was added as a random effect.

Results

A total of 3672 individuals in spring and 4662 individuals
in autumn of 11 species were used for the present analyses
(Table 1). There was a significant difference between the tim-
ing of migration of the species studied in spring (H =24006,
P <0.0001) and in autumn (H=3841, P<0.0001) (Fig. 1).

Table 1 The number of

R . . Species Age Sex
captured individuals in Baikal
Bird Ringing Station during Spring Autumn Spring Autumn
2014-2018 of the study species - - - -
by age and sex, and seasonal 2y >2y  ni. ly 1+ ni. & Q ni. & Q n.i.
migration periods; n.i. means Commonrosefinch 28 151 7 6 0 O 95 77 14 0 0 6
the number of individuals for
which it was not possible to Hawfinch 11 31 307 111 658 18 25 0 525 530 21
determine the age or sex Little bunting 295 845 44 88 23 45 466 255 463 22 22 112

Black-faced bunting 12 52
Taiga flycatcher 37 75

Brown shrike 317 181

Siberian rubythroat 75 96

19 176 54 103 39 29 15 117 66 150
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Eurasian siskin 235 133
Red-flanked bluetail 98 459
Dusky thrush 52 74

Naumann’s thrush 109 116

9 213 33 65 72 20 29 13 18 280
12 932 95 31 276 199 35 23 66 969
15 252 84 66 108 71 7 219 127 56
14 1 0 1 175 203 4 1 1 0
28 817 151 344 298 26 261 255 59 998
9 0 0 1 73 26 36 0 0 1
32 3 0 2 51 103 103 O 1 4
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Table 2 Results of the multiple regression analyses of variables according to seasonal migration periods. The asterisks shown in the P-value

column the significance of the statistical test

Variable Coefficient Standard error t P R?
Spring Autumn Spring Autumn Spring Autumn Spring Autumn Spring Autumn
Year —0.358 0.184 0.106 0.119 -3.39 1.55 wkk 0.121 0.004 0.004
Sex 5.088 —2.855 0.397 0.475 12.81 -6.01 Hkk o 0.037 0.002
Age —1.804 0.392 0.359 0.476 -5.02 0.82 Hkk 0.410 0.017 0.002
Migration distance 0.000 —-0.030 0.000 0.000 1.30 —-68.70 0.192 wkE 0.073 0.669
Food —4.837 17.259 0.255 0.551 —18.98 31.33 Hkok wkE 0.029 0.232
Moult 7.963 —8.272 0.321 0.243 24.78 -34.11 HkE wkE 0.176 0.547
350 (seed-eaters migrate earlier than insectivorous species)
and moult (species with postnuptial moult migrate later).
300 . . . .
. In contrast, there was no association between the timing
. NS s of migration and age (Table 2).
g 200
150 i . BB Age- and sex-dependent migration
100 °
In spring, males arrived significantly earlier than females

1500 2000 2500 3000 3500 4000 4500
A km between study site and wintering grounds

Fig.2 The association between migration timing and migration dis-
tance of the study species. The blue symbols indicates the spring,
while the orange symbols indicates the autumn migration periods sea-
sons

In spring, age (adults returned earlier), sex (males
migrated earlier), food type (seed-eaters migrated later than
insectivorous species) and timing of moult (species with pre-
nuptial moult arrived later in spring) also affected migration
periods (Table 2). There was no association between migra-
tion timing and migration distance (Fig. 2).

In autumn, the timing of migration was also influenced
by the sex (males started later), migration distance (the
shorter the migration distance, the later they arrive), food

in seven species (common rosefinch, little bunting, black-
faced bunting, Taiga flycatcher, brown shrike, siberian
rubythroat and red-flanked bluetail), while there was no
significant difference in the timing of the arrival of the
females in the other four species. When age was examined,
adult birds arrived earlier in the spring than second-year
birds for six species (little bunting, Taiga flycatcher, Sibe-
rian rubythroat, Eurasian siskin, Naumann’s thrush and
dusky thrush), while there was no significant correlation
for the other five species (Table 3).

In the autumn, males of four species (hawfinch, Taiga
flycatcher, brown shrike and red-flanked bluetail) arrived
later than females. In terms of age, adult birds migrated
through the area earlier than young birds for four species
(little bunting, Taiga flycatcher, brown shrike and red-
flanked bluetail) (Table 3).
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Table 3 Age and sex differences in the timing of migration by species based on the results of the Mann—Whitney U test. N.a. means that we have

no data for that analysis

Species Season Age Sex Differences between  Differences
sexes (days) between age
P < P < groups (days)

Common rosefinch Spring 0.570 -0.57 <0.001 -4.90 1 2

Autumn n.a. n.a. n.a. n.a. n.a. n.a.
Hawfinch Spring 0.280 —1.08 0.369 -0.90 -1 4

Autumn 0.319 -0.99 <0.001 —-4.08 0 0
Little bunting Spring <0.001 -4.92 <0.001 -17.16 4 4

Autumn 0.013 -2.47 0.897 -0.13 6 11
Black-faced bunting Spring 0.950 -0.07 <0.001 -3.75 8 5

Autumn 0.660 -0.44 0.956 —0.05 0 -1
Taiga flycatcher Spring 0.027 -221 0.003 -2.96 3 6

Autumn <0.001 —4.54 0.021 -231 -5 -12
Brown shrike Spring 0.227 -1.20 0.001 —-3.36 1 0

Autumn 0.004 -2.82 0.004 -2.92 -3 3
Siberian rubythroat Spring <0.001 —-4.74 <0.001 -17.02 9 6

Autumn 0.200 -1.27 0.850 -0.18 0 1
Eurasian siskin Spring 0.009 -2.58 0.049 -1.81 4 -9

Autumn n.a. n.a. n.a. n.a. na n.a.
Red-flanked bluetail Spring 0.604 —-0.52 0.002 —-3.04 5 -1

Autumn <0.001 —4.43 0.002 -3.83 -6 4
Dusky thrush Spring 0.001 -3.25 0.690 -0.40 0 2

Autumn n.a. n.a. n.a. n.a. n.a. n.a.
Naumann’s thrush Spring 0.040 —-2.04 0.830 —-0.21 0 6

Autumn n.a. n.a. n.a. n.a. n.a. n.a.

Discussion

There were significant intra- and interspecific differences in
the timing of migration of the 11 songbird species studied in
this paper, for complex reasons discussed as follows.

For the common rosefinch, Eurasian siskin, dusky and
Naumann’s thrush, we could only carry out the analyses
for the spring migration, because these four species were
only caught in extremely small numbers in the autumn.
The reason for this is not known, but the phenomenon of
loop migration is one of the possible causes. During loop
migration, birds do not use the same routes for spring and
autumn migration, as has been shown in several differ-
ent bird species using different methods (Gill et al. 2009;
Klaassen et al. 2010; Szép et al. 2017; Tgttrup et al. 2017,
Jonas et al. 2018). The exact cause of this is not known,
but prevailing winds during migration and/or variation in
food availability might play a role (Gauthreaux et al. 2006;
Shaffer et al. 2006; Klaassen et al. 2011; Thorup et al. 2017;
Tgttrup et al. 2017). In Lake Baikal and Muraviovka Park,
loop migration has been investigated for six species based
on biometric data and has been hypothesised for black-
faced bunting and red-flanked bluetail (Boz¢ et al. 2019).
However, these four species have not been studied, but in
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general, neither thrushes nor finches show loop migration,
and such a difference in the number of individuals caught
in the two seasons should not result from loop migration.
The migration of siskins in Europe is highly complex, with
a tendency to invasion, intra- and inter-seasonal wintering
grounds changes and significant movements during winter,
and no well-defined migration routes (Wernham et al. 2002),
so the seasonal differences in catches at Lake Baikal may be
due to the extreme migratory characteristics of the species.
In the case of thrushes and common rosefinch, the area may
be an important stopover site in spring, but not in autumn,
when birds do not stop here. Indeed, the location of stopo-
ver sites may differ between spring and autumn migration
periods due to the location of departure sites and barriers
(Alerstam 1993).

In both spring and autumn, we observed differences
in the timing of the migration of different species. Red-
flanked bluetail was the earliest to migrate through the area
in spring, while in autumn it was the latest to migrate there.
This is interesting because it is an insectivorous species, and
the median date of migration in both seasons was when the
area typically experiences winter weather. This migration
pattern is likely due to the fact that this species has the larg-
est nesting range of any species studied, from the coast of
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east Asia to Scandinavia (BirdLife International 2021), and
all populations winter in southeast Asia, which they prob-
ably reach by migrating along the coastal strip and lower
elevation landscapes of China, as do most songbirds (Heim
et al. 2020). For this reason, individuals from all populations
may migrate through the area, birds that nest very far away
have to migrate early in spring, while in autumn they can
only leave later because of later breeding, which is reflected
in the timing of the median of migration. The result is that
they migrate even in winter weather conditions when the
insect production is poor. A prolonged, less concentrated
migration pattern is characteristic of the hawfinch, which is
also typical of western breeding populations of the species,
and is due to the fact that the birds’ movements are regu-
lated by the current feeding conditions (Cramp and Brooks
1988). The brown shrike migrated very late in the spring,
only in early June, and left the area in autumn, the earliest
of all species, in August. A similar strategy is also used by
European species (Cramp et al. 1993; Csorgd and Paradi
1998; Bartol 2009; Fuisz and Csorgd 2009), which may be
related to the species’ moulting strategy. Brown shrikes have
a very complex moulting strategy, but they are character-
ised by prenuptial moult in the wintering grounds (Svensson
1992), so that they can leave for wintering sites immediately
after breeding, in contrast to the other species studied. And,
as the species is also likely to hold territories on wintering
grounds, it is also important that individuals start early to
acquire territories of sufficient quality. Prenuptial moulting
is still typical of common rosefinches, but we cannot com-
pare their autumn migration with that of brown shrikes due
to the low sample size.

By examining factors influencing migration timing,
we obtained similar results to those obtained in other bird
migration systems (Rubolini et al. 2004; Schmaljohann
2019) and those obtained by Boz¢ et al. (2020) and Wobker
et al. (2021) in multispecies analyses in the Russian far east.
This, as Wobker et al. (2021) concluded, implies that the
factors influencing migration patterns are consistent across
migration systems. It is important to highlight, however, that
in both seasons, only moulting, sex and food type had an
equal influence on the timing of migration, while migration
distance and age regulated migration in only one season or
the other.

Species with postnuptial moulting strategy typically
migrated earlier in spring and later in autumn. As noted
above for brown shrikes, spring migration might be delayed
in species moulting in winter, as species replacing flight
feathers during winter may delay departure compared to spe-
cies that moult in summer (Rubolini et al. 2005), whereas
species that complete postnuptial moult cannot depart earlier
in autumn but return earlier in spring.

In general, migratory birds tend to migrate later in spring
and earlier in autumn, the longer the distance between

nesting and wintering sites (Jenni and Kéry 2003). In
our study, we were able to demonstrate this relationship,
although the result was not statistically significant for spring
migration. Similar patterns are known from songbirds in
other flyway systems (Alerstam 1993), as well as in the East
Asian flyway system in leaf warblers (Bozo et al. 2020), in
buntings (Heim et al. 2018) and a complex analysis of sev-
eral species (Wobker et al. 2021).

Boz6 et al. (2020) found a correlation between food size
and the timing of spring migration in Siberian warblers, as
did Katti and Price (2003) who attributed the distribution
patterns of warblers at wintering sites to the abundance and
size of different-sized food animals. In the present study, we
obtained the result, which contradicts our null hypothesis,
that the median migration date of insectivorous species was
earlier in spring and later in autumn than that of seed-eat-
ers. This could certainly be due to the fact that red-flanked
bluetail migrate through the area weeks earlier (spring) or
later (autumn) than other insectivorous species, which could
significantly bias the results. It is also important to note that
the migration of seed-eating species is much more prolonged
and occurs over a wider interval than that of insectivores,
which may also bias the results. This makes it impossible to
realistically assess the resulting pattern.

In spring, protandrous migration was detected in eight out
of the 11 species. The extent of protandrous migration varied
between 1 and 9 days, which is similar to results obtained
for the East Asian migration flyway (Nam et al. 2011; Boz6
and Heim 2016; Wobker et al. 2021). In Korea, Nam et al.
(2011) studied spring return times of buntings between 2006
and 2008, and male black-faced buntings preceded females
by 7.6 days in spring, which is close to the 9-day value we
obtained. Results from a multispecies analysis by Wobker
et al. (2021) are also generally similar to our results, but in
the case of some species (e.g. little bunting, Taiga flycatcher,
red-flanked bluetail) there were also significant differences.
These differences may be due to population differences, in
that the extent of protandrous migration may vary not only
at the species level but also between populations within spe-
cies in different geographical regions (Wobker et al. 2021).
However, this cannot be considered a general phenomenon,
as males and females of some species, such as dusky thrush
and brown shrike, migrated with similar time lags in spring
in Muraviovka Park, located about 1500 km east of Lake
Baikal.

In autumn, different timing of migration of the sexes
was detected in only four species (hawfinch, Taiga fly-
catcher, brown shrike, red-flanked bluetail). Protogynous
migration in autumn is typical of songbirds (Logan and
Hyatt 1991; Weggler 2000; Mills 2005; Jakubas and
Wojczulanis-Jakubas 2010; Lehikoinen et al. 2017) and
has been detected in the East Asian migration flyway for
warblers (Boz6 and Heim 2016), as well as the brambling
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Fringilla montifringilla, Pallas’ reed bunting Emberiza
pallasi and rustic bunting E. rustica (Wobker et al. 2021).
Autumn protandrous migration is less common, as males
often remain on breeding sites in search of nesting sites for
the following year (Forstmeier 2002; Mills 2005), while
females may benefit from an earlier departure, as they can
arrive earlier at wintering sites where they can find suit-
able territory for themselves (Mills 2005). In contrast,
autumn protandrous migration may occur in some species,
probably those where the females invest more energy in
the breeding (McKinnon et al. 2016). This pattern among
species using the East Asian migratory flyway appears to
be specific to buntings, while we have shown it in the case
of little bunting in the present study. Wobker et al. (2021)
recorded it in yellow-throated buntings E. elegans migrat-
ing through Muraviovka Park.

For most species, adult birds migrated through the area
earlier in both spring and autumn. This is probably because
adult birds are more experienced than second-year birds in
spring (Sergio et al. 2014). In autumn, the situation is less
clear, as, in a significant proportion of the species studied,
adult individuals perform complete moult after breeding,
while juveniles are characterised by only partial moult
(Svensson 1992). For this reason, adult birds are able to
leave later in the autumn. It is likely, however, that they are
ahead of the juveniles during migration due to their faster
migration (shorter stopovers, higher fat accumulation rate,
Ellegren 1990; Restani 2000; Rguibi-Idrissi et al. 2003).

Overall, the migration of songbirds across Lake Baikal
is influenced by similar factors to those of other migratory
species in other migratory flyways. Nevertheless, as this
is the least studied bird migration system to date (Yong
et al. 2015), further research is needed to understand the
migration and wintering patterns of these species, espe-
cially given that the populations of several species have
declined dramatically in recent times (Kamp et al. 2015).
In addition, effective conservation proposals can only be
developed if basic research provides sufficient quantity and
quality of data on these species.
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